Abstract---
INTRODUCTION
PTIMIZATION is defined as process, which finds value of variables that minimize or maximize the objective function while satisfying constraints [1] . Conventional optimization methods have been widely used in various mechanical design problems. They are deterministic in nature and use only a few geometric design variables due to their complexity and convergence problems. When the number of design parameters increases, the complexity increases drastically. If the optimization problem involves the objective function and constraints that are not stated as explicit functions of the design variables or which are too complicated to manipulate, it is hard to solve by classical optimization methods [2] . [3] . 5] GA works with coding of parameter set, not the parameters themselves [4] . Genetic algorithm is based on evolutionary processes and Darwin's concept of natural selection. It works on the principle that, only the fittest populations will survive while the bad populations are weeded out. The same concept is extended to the mathematical optimization problems where only good design points are selected while the bad design points are neglected [5] . Figure 1 shows that an initial population is chosen randomly at the beginning and fitness of initial population individuals is evaluated. Then an iterative process starts until the termination criteria have been run across. After the evaluation of individual fitness in the population, the genetic operators, selection, crossover and mutation are applied to breed a new generation. [6] . In this paper Multi-objective optimization of worm and worm wheel is carried out. The main issue in design of worm and worm wheel is, it should be compact means its volume should be less, centre distance should be less, there should be no deflection of worm and also it should have high strength. All these objectives are considered here to get best performance of worm and worm wheel.
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II. LITERATURE SURVEY
Gear design involves empirical formulas, different graphs and tables, which lead to a complicated design. Moreover, increasing demand for compact, efficient, and reliable gears forces the designer to use optimal design methodology [7] . Lot of research is carried out regarding optimization of gears using Genetic algorithm. Results show that the maximum decrease in the acoustic power is 10 % in case of the optimum geometry, comparing to the simplest geometry case [12] . Li et al. (2008) used an adaptive Genetic Algorithm (GA) to solve the multi-objective optimization design of the reducer [13] . Barbieri et al. (2008) used Genetic Algorithms in conjunction with a suitable objective function to find suitable profile modifications for a spur gear pair [14] . Zhang (2010) established the mathematical model for optimization design of gear reducer, with the purpose of minimum volume or quality. By using genetic algorithm and genetic toolbox of MATLAB to get optimum solution quickly and accurately, the efficiency and quality of gear design is greatly improved and the production cycle is shorten [15] .
From above literature we see that lot of research is carried out on spur and helical gears. But very little amount of research is carried out on worm and worm wheel. Therefore worm and worm wheel is has been taken here for optimization purpose.
III. PROBLEM STATEMENT
From the literature survey the problem statement of the current work is, to carry out optimization of worm and worm wheel considering different objectives. These are as follows
For optimization purpose worm and worm wheel, which is used for crystallization purpose in sugar factory has been selected, whose specifications are shown in Table 1 . 
B. Objective Function
The main thing in design of gear pair is, it should be compact means it should have less volume. The main objective function for the present work is to minimize volume of worm and worm wheel assembly. Main issue in formulating equation for volume is worm wheel is not solid one it looks like flywheel. That's why separate volume equations for rim, arms & remaining portion of worm wheel have been derived using Design Data Book and Design of Machine Elements book [18] . Volume of worm is the product of area and length of worm. After combing volume of worm and worm wheel, the objective function is formulated as:
Volume (V) = 14.310926 * 
C. Constraints
Constraints are the conditions that must be met in the optimum design and include restrictions on design variables. These constraints define boundaries of the feasible and infeasible design space domain. The constraints considered for the optimum design of worm and worm wheel is as follows:
Centre Distance
To have compact design of gear pairs, centre distance between worm and worm wheel should be less. This constraint 
Deflection of Worm
The worm is supported between two bearings, if the worm shaft bends too much, that is, the teeth will not mesh properly and the result will be excessive wear and early failure. So the maximum deflection is, [6] , [17] . 
Beam Strength of Worm Gear
We know that Beam strength of worm gear tooth is the maximum tangential load the worm gear tooth can take without tooth breakage [18] . It is given by, Table 2 . VI.
RESULTS AND DISCUSSION
The Figure 2 shows the optimized values of design variables. It plots the vector entries of the individual with the best fitness function value in each generation. Figure 3 shows Fitness value vs. Generations. It plots the best function value in each generation versus iteration number. From this graph we conclude that at zero generation fitness value is 11.50*10 7 and it is decreases upto 6.5*10 7 at first generation after this it is increases upto 10.95*10 7 and remains constant for next generations. Actual and GA values of design variables & all objective functions are tabulated below in Table 3 . Above table shows that, there is 17.91 % reduction in volume of worm and worm wheel, 20.34 % reduction in centre distance between worm and worm wheel and 51.05% reduction in deflection of worm.
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VII. CONCLUSION
In this study the attempt has been made to optimize worm and worm wheel with multiple objectives such as to minimize volume , center distance between worm and worm wheel and deflection of worm. The variables considered are gear ratio, face width, pitch circle diameters of worm and worm wheel. Results shows that, all objectives are satisfied. Therefore GA is one of the best tool for multiobjective optimization problem.
VIII. FUTURE SCOPE
Taking different objectives ,design variables and constraints other than above stated more reliable gear pair design may be obtained.
